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Abstract 
The main purpose of the paper is to develop a neural network application that could predict the cycle time for High Speed 
Machining. Increase productivity by increasing the speed of process has been imposed by the cutting progresses theory 
and the fields related directly to the cutting process. 
Thus, this procedure aims to an increasing productivity, lowering costs and execution time and also improving the quality 
of parts. 
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1. Introduction 
It is a matter of common knowledge that higher productivity leads to a reduction in cost of production, 
reduces the sales price of an item, expands markets, and enables the goods to compete effectively in the world 
market. It yields more wages to the workers, shorter working hours and greater leisure time for the employees. 
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In fact the strength of a country, prosperity of its economy, standard of living of the people and the wealth of 
the nation are very largely determined by the extent and measure of its production and productivity. 
Productivity can be defined in many ways. Some of them are as follows: 
• Productivity is nothing but the reduction in wastage of resources such as labor, machines, materials,
power, space, time, capital, etc. 
• Productivity can also be defined as human endeavor (effort) to produce more and more with less and less
inputs of resources so that the products can be purchased by a large number of people at affordable price. 
• Productivity implies development of an attitude of mind and a constant urge to find better, cheaper, easier,
quicker, and safer means of doing a job, manufacturing a product and providing 
service. 
• Productivity aims at the maximum utilization of resources for yielding as many goods and services as
possible, of the kinds most wanted by consumers at lowest possible cost. 
• Productivity processes more efficient works involving less fatigue to workers due to improvements in the
layout of plant and work, better working conditions and simplification of work. In a wider sense productivity 
may be taken to constitute the ratio of all available goods and services to the potential resources of the group 
(Salomon, C.). 
2. Ways to increase productivity using the cutting parameters
One way to increase productivity is by increasing the working regime parameters. Among these may be 
mentioned cutting depth (t), the feed (s) and the main cutting speed (v) measuring the volume "V" of material 
that will be removed per unit of time. In order to decrease the cycle time we have to take into account the 
quality of the surface, the required accuracy, the tool durability, the workpiece dimensions, the removed chips 
size etc. One of the possibilities to increase the profitability of the process is by raising cutting speed. This has 
always been a constant concern of cutting process specialists. This paper deals with this topic, highlight the 
main advantages of this method and trying to generate the cycle time using also neural networks. It was 
designed a stand in the Engineering Design and Robotics Laboratory from the Technical University of Cluj 
Napoca (Figure 1.) to conduct research regarding the productivity. We want to implement an algorithm that 
leads to an increase cutting regime having as signal the vibration level. 
Fig.1. Milling machine stand 
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3. Literature review
The first concept of High Speed Machining (1931) was presented by Carl J Salomon (Salomon, C.,1931), 
who is considered as the father of high speed machining. The results of his experiments, carried out on non-
ferrous metals such as Aluminium, Copper and Bronze, using helical milling cutters at speeds up to 18067 
m/min (surface metres per minute) revealed that with the increase of cutting speed, the cutting temperature 
increases up to a maximum value close to the melting point of the material and then decreases with further 
increase in speed (King, R.I, 1984). Bhattacharyya et.al investigated on cutting force-based real-time 
estimation of tool wear in face milling using a combination of signal processing techniques (Bhattacharyya 
et.al, 2007). The tool wear in high speed milling using detection process approach has been done by Kious 
et.al. Estimation of tool wear during CNC milling using neural network-based sensor fusion was implemented 
by Ghosh et.al. On-line metal cutting tool condition monitoring using multi-layer perceptron neural networks 
was studied by Lister and Dimla. Tool condition monitoring using artificial intelligence methods has been 
carried out by Balazinski et.al. Cho and Ko estimated tool wear length in finish milling using a fuzzy 
inference algorithm. Intelligent process supervision for predicting tool wear in machining processes was done 
Alique by and Haber. Ning and Veldhuis analyzed mechanistic modeling of ball end milling including tool 
wear. (W. Yan, 1999) Development and processes manufacturing based on cutting speed from 10 m/min in 
1800, up to 100 m / min in 1900, a thousand feet per minute in 1980 to several thousand in 1994 (figure 2) 
imposed default also a tendency to continue studying these processes in terms of the elements that contribute 
directly to their achievement, their deployment conditions, the level of cutting regime. 
Fig.2. High Speed Machining 
A very general definition of high speed processing method is proposed by French researcher Alain Defretin 
in his book “Usinage a Grande Vitesse”. (Ivan, R., 2011) "Processing of high speed milling includes all 
processes (high feed rates or high speed spindle rotation), processes that are superior to those that are 
considered today controlled from a practical standpoint."( Defretin, A.) In the case of high-speed processing, 
the main axis of the spindle is greater than 15,000 revolutions per minute, as illustrated above. 
Growth rate has a reverse effect as it reduces cutting forces, it improves the quality of machined surfaces 
and improves the natural fragmentation of chips, etc.. In this sense, today more than yesterday and less than 
tomorrow, high speed cutting technology is recognized as one of the key processing technologies in order to 
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obtain increased productivity and a precision manufacturing performance. In the case of high-speed 
processing, the processing speed is higher than the propagation speed of the heat in the work piece. Below 
there is a comparison of speeds used during machining some selected materials using conventional and HSM 
methods. 
Table 1. Conventional vs. High Speed Machining (http://fstroj.utc.sk/journal/engl/papers/034_2002.pdf) 
Solid Tools (end mills, drills), WC, 
coated WC, PCD, ceramic
Indexable Tools (shell mills, face 
mills) WC, ceramic, CBN, PCD
Work material Typical cuttingSpeed [m/min]
High cutting 
speed [m/min]
Typical cutting 
speed [m/min]
High cutting 
speed [m/min]
Aluminium >305 (WC, PCD)
>3050 (WC, 
PCD) >610 
>3658 (WC, 
PCD)
Cast iron soft 152 366 366 
1219 (sialon, 
ceramic)
ductile 107 244 244 914 (ceramic)
Steel 
Free mach steel 107 366 366 610
alloy 76 244 213 366
stainless 107 152 152 274
Hardness 
HRC65 24 122 
30 (WC) 91 
(CBN, ceramic)
46 (WC), 183 
(CBN, ceramic)
Titanium 38 61 46 91
Superalloy 46 76 84 (WC) 213 (sialon)
366 (sialon, 
ceramic)
In fact, the question is what are the advantages of high speed milling compared to conventional milling 
(table 2) 
Table 2. The advantages/ disadvantages of using high-speed milling 
Advantages of using high-speed milling Disadvantages of using high-speed milling
Economic efficiency and increased production The need for qualified personnel. It required a good 
knowledge of the cutting process, of the equipment; 
A high-quality machined surface with a roughness 
of up to 0.2 ȝm; 
Acceleration and deceleration are very fast processes, 
many stops and starts that lead to premature wear of 
the machine tools; 
Possible to obtain rapid milling of thin walls up to 
0.02 mm thick to 20 mm; 
The consequences are more severe for human errors 
or software failures; 
Temperature transferred into the surface layer of 
the workpiece is less than the feed rate; the heat 
doesn’t have time to propagate in the part; 
Need to take additional safety measures (doors closed 
during processing, tools verification etc.) 
Achieve higher dimensional precision than with 
conventional process; 
Thus, this procedure aims to increase productivity, lower the costs and also improve the quality of the 
made parts (table 3). (http://www.slideshare.net/hurco/high-speed-machining-hurco-imts-2012) 
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Table 3. Traditional Processing vs High Speed Machining 
Traditional Processing 
(12K) 
High Speed Machining 
(12K) 
High Speed Machining 
(18K) 
Hourly Shop Rate 60.00$ 60.00$ 60.00$
Hourly Burden Rate 35.00$ 35.00$ 35.00$
Cycle Time 11min 16sec 2min 51sec 1min 54sec
Cost to Produce 6.57$ 1.67$ 1.11$
Quoted Price 13.50$ 13.50$ 13.50$
Profit per Part 6.93$ 11.83$ 12.39$
Profitx100 pieces 693.00$ 1183.00$ 1239.00$
Profitx500pieces 3465.00$ 5915.00$ 6195.00$
However, this quality is directly influenced by the state of the cutting tool, which is exposed to wear during 
machining. Thus control of wear during the cutting process proves to be important. What unites all these 
terms "target" are the cutting parameters, which can optimize the milling operation (reduced wear, reduced 
dynamic aspects) and thus reduce manufacturing costs by placing the operation in a stable and intermediate 
processing zone, and reducing the cycle time, while increasing productivity. 
For this are consider the following parameters: (Ivan, R., 2011) 
• Spindle speed (rpm)
• Feed rate (mm/min)
• Depth of cut (mm)
• Cycle time (min)
The experiments were conducted in a ZXX6350ZA vertical axis milling machine using tool life 20 mm 
diameter cutter mill with 4 cutter inserts. The cutter mill was made by high speed steel-E (HSS-E). Work-
pieces used for this experiment was Al 7075 (Table 4) (http://fstroj.utc.sk/journal/engl/papers/034_2002.pdf). 
Table 4. Cutting data 
No. Spindle speed (rpm) Feed Rate 
(mm/min)
Depth of cut (mm) Cycle time (min)
1 95 132 0.2 26.4
2 360 98 0.6 45.5
3 565 200 0.2 38.7
4 950 98 1 15.7
5 1500 132 0.4 14
6 18000 143 1.5 15.6
7 24100 1360 1 35
8 24050 1390 0.4 5
9 35000 1750 0.2 8.02
10 40000 2120 3 12
11 40500 2200 1.5 3.5
With the parameters in Table 4 was tried modeling and generation of the cycle time using ANN reducing 
cycle time due to use of high-speed milling. 
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4. Tool life determination using Artificial Neural Networks (ANN)
An Artificial Neural Network (ANN) is a mathematical model or computational model that is inspired by 
the structure and/or functional aspects of biological neural networks. According to Simon Haykin, neural 
network is “a massively parallel distributed processor with the natural tendency to store experimental 
knowledge and make them available for use”.  In most cases an ANN is an adaptive system that changes its 
structure based on external or internal information that flows through the network during the learning phase 
(Haykin, 2009). The similarity with the human brain consists in learning request before acquiring knowledge. 
Learning takes place through the entries that are brought in the system. Knowledge is stored in connections 
interneurons, ie neural weights, which stores the results (Beale et al., 2011). We used the data from table 4, 
having in the input data the spindle speed (rpm), the feed rate (mm/min)and the depth of cut (mm), and in the 
output layer the cycle time. The Levenberg-Marquardt algorithm was used for training and the MLP 
(Multilayer perceptrons) training was done automatically using the elaborated software package.(Campean, 
E., 2012) The ANN consists in 5 neurons. simulating first with 11 pairs of input in the input layer. It is noted 
that the number of neurons chosen, the number of intermediate layers and the activation functions were well 
chosen because, after only 3 iterations (epochs), neural network has reached a result in the indicated error, 
having a running time of five seconds. It can be seen that the error of 10-2 is satisfactory. The error gradient is 
10-15. Along with this result, is made available a graphic illustration of the training process. Table 5 show the 
result: 
Table 5. The ANN results 
No. Spindle 
speed (rpm) 
Feed Rate 
(mm/min) 
Depth of cut 
(mm) 
Cycle time 
(min) 
ANN 
cycle time 
Error 
(%) 
1 95 132 0.2 26.4 25.71 0.0069
2 565 200 0.2 38.7 41.01 -0.0231
3 950 98 1 15.7 15.96 -0.0026
4 24100 1360 1 35 35.62 -0.0062
5 24050 1390 0.4 5 5.31 -0.0031
6 35000 1750 0.2 8.02 8.36 -0.0034
7 40000 2120 3 12 11.91 0.0009
8 40500 2200 1.5 3.5 2.92 0.0058
9 20000 900 1.5 8.3 7.52 0.0078
10 10095 4040 1 14.7 12.56 0.0214
11 8514 5110 1 12.3 12.01 0.0029
12 12038 4820 0.4 3.6 3.02 0.0058
13 13403 5360 0.4 3.5 3.02 0.0048
14 11196 3360 1.5 4.2 3.5 0.007
The results shown in table 5 indicate approximately the same values, what means that the ANN approach 
is suitable for such application. The great advantage of the ANN is the time needed to obtain the results. 
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5. Conclusion
In this study, ANN for modeling and predicting cycle time for milling parts made of Aluminum material 
was developed. Given the accuracy that was achieved it is safe to conclude that the ANN approach is suitable 
for such application. It was found that (ANN) prediction correlates very well with the experimental results. 
Given the results obtained by the ANN simulation was designed an algorithm that involves increasing the 
cutting regime during machining. Maximum cutting regime parameters (cutting depth for beginning and 
advanced) will be equal to the acceptable level of vibration. 
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